Evidence for virtual Compton scattering from the proton by van der Brand, J.F.J. et al.
PHYSICAL REVIEW D VOLUME 52, NUMBER 9 1 NOVEMBER 1995 
Evidence for virtual Compton scattering from the proton 
J. F. J .  van den Brand,' R. Ent,22a P. L. Anthony,3 R. G. A r n ~ l d , ~  J. E. J. B e i ~ e , ~ > ~  J .  E. B e l ~ , ~ > "  P. E. 
B ~ s t e d , ~  H.-J. Bulten,' M. S. Chapman,' K. P. C o ~ l t e r , ~ > ~  F. S. D i e t r i ~ h , ~  M. Epstein,7 B. W. Filippone,5 H. 
Ga0,~9" R. A. Gearhart,8 D. F. G e e ~ a m a n , ~  J.-0.  H a n ~ e n , ' > ~  R. J .  H ~ l t , ~ ? ~  H. E. Jacksoq6 C. E. J0nes,'9~ C. E. 
Keppel,41g E. R. Kinney,g S. K ~ h n , " > ~  K. Lee,2 W. L o r e n ~ o n , ~ > '  A. N. C. R. ma kin^,^$^ D. J. 
Margaziotis,' R. D. M ~ K e o w n , ~  R. G. Milner,2 B. M ~ e l l e r , ~  J. Napolitano," J .  T. G. O'Neill,5>f V. 
Papavassiliou,6 G. G. P e t r a t o ~ , ~ $ '  D. H. P ~ t t e r v e l d , ~  S. E. Rock,4 M. Spengos,41j Z. M. S ~ a l a t a , ~  L. H. T ~ o , ~  
K. van Bibber,3 D. A. W a s s ~ n , ~ > ~  J. L. White,4 and B. Zeidman6 
'Department of Physics, University of Wisconsin, Madison, Wisconsin 53706 
2 ~ a s s a c h u s e t t s  Institute of Technology, Cambridge, Massachusetts 02139 
'Lawrence Radiation Laboratory, Livermore, California 94550 
Department of Physics, The American University, Washington, D. C. 2001 6 
California Institute of Technology, Pasadena, California 91125 
'Physics Division, Argonne National Laboratory, Argonne, Illinois 60439 
? ~ e p a r t m e n t  of Physics, California State University, Los Angeles, California 90032 
'Stanford Linear Accelerator Center, Stanford, California 94309 
' ~ e p a r t m e n t  of Physics, University of Colorado, Boulder, Colorado 80309 
loStanford University, Stanford, California 94305 
llDepartment of Physics, Rensselaer Polytechntc Institute, Troy, New York 1,2180 
(Received 4 April 1995) 
In virtual Compton scattering an electron is scattered off a nucleon such that the nucleon emits 
a photon. We show that these events can be selected experimentally, and present the first evidence 
for virtual Compton scattering from the proton in data obtained at the Stanford Linear Accelerator 
Center. The angular and energy dependence of the data is well described by a calculation that 
includes the coherent sum of electron and proton radiation. 
PACS number(s): 13.60.Fz, 14.20.Dh 
A central question in subatomic physics is the descrip- 
tion of the nucleon in terms of quarks and gluons. Tradi- 
tionally, the electromagnetic structure of the nucleon has 
been investigated with elastic electron scattering, deep- 
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inelastic scattering, and real Compton scattering. Elas- 
tic scattering has yielded the electromagnetic form fac- 
tors [1,2] related to charge and current distributions in 
the nucleon. Deep-inelastic scattering has established the 
existence of pointlike partons inside the nucleon [3], and 
provides access to the momentum and spin distributions 
of these partons. Real Compton scattering has provided 
information on the electric and magnetic polarizabilities 
of the nucleon [4,5] which enter as the leading corrections 
to  the low-energy theorem (LET) [6]. 
Here, the virtual Compton (VC) scattering process 
y*N + yN is discussed, where a photon with virtuality 
Q2 is absorbed on a nucleon which subsequently radiates 
a real photon with energy (momentum) w' (;). This 
process is intrinsically a rich probe of nucleon dynamics, 
since one can independently map out the dependence of 
the VC process on Q2,  the virtual photon's polarization, 
and the invariant mass of the hadronic intermediate state 
W, given by 
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